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Project Background

Project SAFEMARVEL began in March 2024 and aims to develop a safety-
critical control framework for roll stabilization of marine vessels, ensuring
vessel safety through the use of barrier functions. The project integrates
high-performance, learning-based controllers adapted to varying sea
conditions. Using digital twins, the framework will be tested in simulation
and demonstrated in real-time on a demo vessel. Led by SDU Mechatronics
in collaboration with Dacoma ApS and SDU Physics, the project brings
together academic and industrial partners to advance safety solutions for
the Danish maritime sector. The project will end in February 2026.
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Schematic of the proposed safety-based learning framework for vessel stabilizers
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Project Background

The AMCOSTAR project, a Eurostars/Eureka and Innovation Fund Denmark
initiative, was completed in July 2023. It aimed to develop and demonstrate
an integrated air-filled canting keel (dubbed as Airkeel) and adaptive
control system (ACS) to enhance the stability, capacity, and energy
efficiency of small to medium-sized vessels (6-40 meters). By transforming
passive stabilization into an intelligent, responsive system, the project
sought to improve safety, increase load and crane capacity, reduce fuel
consumption, and expand operational capabilities, particularly in offshore
wind and aquaculture sectors. Through digital twin modeling, sea trials,
and close collaboration within the consortium comprising Dacoma ApS,
TUCO Group, SDU, and Automasjon & Data, AMCOSTAR delivered a viable
stabilization system tailored to the needs of aquaculture vessels and CTVs.
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(a) Photographic view of the ProZero Demo boat equipped with the airkeel mechanism
(b) Schematic representation of the effect of load disturbance on the vessel with CK and AK **

Project Objectives Project Outcomes

Active Airkeel - TECHNICAL - ACADEMIC &
with adaptive OUTPUTS COMMERCIAL IMPACT

stabilization
performance of Airkeel
using control strategies
validated through
simulations in various
sea states, water tank, &
field experiments.

commpleted two thesis
studies & supported 14
student interns at SDU.

e Supported the
development of two
ACS-related products
and laid the foundation

Developed a digital twin for new IMO standards.

and nonlinear model of

the Airkeel-equipped e Enabled collaborative
vessel, capturing spin-off projects like
realistic dynamics 4seasonCTV and

including wave and load SAFEMARVEL.
disturbances.

Reduce propulsion
energy consumption
by 5-10%

AP Nps

Commercialization

6 across maritime SCIENTIFIC EXPERIMENTAL
sectors OUTPUTS INFRASTRUCTURE
* Developed simulation e Built a wave-maker-

¢ Developing a pioneering e Development of / U(x)
safety-critical control simulation tools for real- /’\ Iy (x,u)
framework enabling safe time application. ’ >
integration of high- - A 0{ U
performance learning- * Contribution to peer a(0) eq
based controllers. reviewed articles in /
conferences & journals.
* Creation of a digital twin One conference article
accepted for ECC 2025. CLF-QP:

with 95% accuracy for
virtual testing and
validation.

¢ Enabling vessel safety
under usual sea states
using real-time safety
constraints (CBFs).

One journal article in
progress.

Hired one postdoc,
supported one masters
thesis at SDU Physics &
one in-company project
at Dacoma.

SAFETY-CRITICAL LEARNING BASED DIGITAL TWIN REAL-TIME CAPABILITY
CONTROL FRAMEWORK CONTROLLER TECHNOLOGY DEMONSTRATION
/ Develop a SCC\ ﬁ)esign a learning} ’/Develop, simulate? Demonstrate the
framework for based controller, and test the capability of the
roll stabilization based on this proposed concept proposed concept
with barrier framework, with using digital twins on a vessel
functions which particular focus N / equipped with a
guarantee vessel on RL for various roll stabilizer
Qtability & safetﬂ \ sea conditions / mechanism
. A
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tools for real-time
application.

equipped water tank
test facility at SDU for

system identification &

* Contributed peer validation (see below).

reviewed articles in three

flagship conferences e Performed field tests

(IEEE SMC, CCTA, CDC) & with model boats and

one Ql journal (IEEE full-scale demonstration

Transuctions). with the Pro-Zero demo
boat (see below).
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Soenderborg Pier near SDU

Schematic illustrating the intersection of the (b) Model Boat for Testing with Embedded Systems  Model Boat during Field Test for wave disturbances

constraints for the proposed QP formulations and
the trajectory of the control solution offered by the
nominal controller*

(a) Water Tank Setup

(1) Layout of the indoor experimental setup (2) Snapshot of the field test with the model boat
in a stream of water near the Sgnderborg pier (Denmark) **

Snapshot from bi-annual meeting of the SAFEMARVEL
team at SDU Sgnderborg

*S. Chaudhuri, H. Ramezani, and J. Jouffroy, " Remarks on augmenting stability and safety in nominal controllers: a practicalperspective,” accepted for presentation at European Control Conference 2025, 24 -27 June.

**H. Ramezani, S. Chaudhuri, J. Jouffroy, A. Baurichter and S. Mattrup Hansen, "On Roll Stabilization Using a Canting Keel,"in IEEE Transactions on Control Systems Technology, vol. 33, no. 2, pp. 539-553, March 2025,
doi: 10.1109/TCST.2024.3494237.
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